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FOREWORD

The Subcommittee on Radlochemistry 1s one of a number of
subcommlttees working under the Committee on Nuclear Sclence
wlthin the Natlional Academy of Sclences -~ Natlonal Research
Councll. 1Its members represent government, industrial, and
unlverslty laboratories in the areas of nuclear chemlstry and
analytical chemistry,

The Subcommittee has concerned ltself wlth those areas of
nuclear sclence which Ilnvolve the chemlst, such as the collec-
£ion and distribution of radlochemlcal procedures, the estab-
liehment of specificatlons for radiochemlcally pure reagents,
avallability of cyclotron time for service irradilations, the
place of radiochemistry in the undergraduste college program,
ete,

Thils serles of monographs has grown out of the need for
‘up-to~date compllations of radlochemical information and pro-
cedures. The Subcommlttee has endeavored to present a serles
which will be of mexlimum use to the working aclentist and
whlch contalns the latest avallable information. Each mono-
greph collects in one volume the pertinent information required
for radlochemical work with an 1ndividual element or a group of
closely related elements

. An expert ln the radlochemlistry of the particular element
hag written the monograph, followlng a standard format developed
by the Subcommittee. The Atomic ‘Energy Commlsslon has sponsored .
the printing of the serles.

The Subcommittee 1s confldent these publications will be
useful not only to the radiochemlst but also to the research
worker 1ln other flelds such as physlcs, blochemlstry or medlcine
who wishes to use radlochemical techniques to solve a speclfic
problem.

W. Wayne Melnke, Chalrman
Subcommittee on Radlochemistry
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II. THE RADIOACTIVE NUCLIDES OF SODIUM
The radionuclides of sodium that are of interest in the radiochemistry
_of sodlum are glven in Table I. This Table has been completed from infor-

mation eppearing in reports by Stromlnger, et alsl) and by Hughes and |

Harve'y.(z)
TABLE I
THE RADIQACTIVE NUCLIDES OF SODIUM
Radio- Half- Mode of Energy of
Nlclide 1ife Decey Radiation, Mev . Produced By
20 -
Ne 0.385s B gt 3.5 Ne-p-m, Na-7-3n
Ra2l 23 8 gt gt 2.5 ¥e20-p-y, Ne-p-n, Ne-d:n
Mg-p-0, MgZt-p-a
R 2.6 y. g* gt 0.542 P-0-n, Ne-d-n, Ne2l-p-y
Na-n-2n, Mg-d-a
w2 151 -y g~ 1.39, 4.1  Na-d-p, Na-n-y, Mg-d-o
y 1.38, 2.76 Mg-n-p, Mg-7-p, Al-n-c
Al-d-pa, Al-y-n2p, Al-p-2-n
31-7-2p
25 - -
Ra 60 s =} g 3.7, 2.7 Mg-7-p, Mg-n-p
' Al-7-2p

III. THE CHEMISTRY OF SODIUM AND ITS APPLICATTON IN ANALYSIS METHODS
FOR STABLE SODIUM OR ITS RADIONUCLIDES

Radiochemical analysis methods usually follow the ideas and techniques
esteblished in conventional methods, such ss precipitation, solvent extrac-
___tion, chrometography, and e_lectroiysis. Since these methods are dependent
-upon chemical reactions to bring them to completion; the general :Lnfonnafion
preéented _below on the formation of sodlum compouhds attempté to relate
these more con_ventional methods to the radiochemistry methods used in

analyzing a radiocactive material for the sodium radionuclides.

A. The General Chemistry of Sodium

Sodium composes about 2.83% of the earth'!s crust and occurs’ prlnci;éa.ll;y.
in the form of sodium chloride. Other natural compounds of sodium imclude
‘the nitrate, the sulfate, the carbonate, the blcarbonate, and the tetraborate

compounds. Sodium also occurs as the silicate In ingeous rocks. Most of the

sodium compounds are found in solls, waters, and in the bodies of plants



and animals. Sodium metal is chiefly produced from these campounds by
first preparing the chloride and then electrolyticelly fusing it ﬁ-._t-bh_
‘sodium carbong.te.. '
1. Metellic Sodium

Sodium m.etal 1s e soft, silver-white metal h_a.ving a density of 0.97
and a melting point of 97.50. It tarnishes quickly in air and must be
kept under a 1iquid such as keroseme. It will burn in air with a bright
yellow flame, and it reacts violently with water. It will uhite directly
with the halogens, sulfur, selenium, and tellurium. Sodlum forms en
amalgem with mercury to become a very active reducing agent. Sodium also
alloys with leed, tin, and antimony, but it will not elloy with iron.

2. The Chemical Compounds of Sodium

The only oxidation state of sodium is +1. Its reactions with carbon
dioxide, hydrogen, oxygen, nitrogen, sulfur, and the halogens are simllar
to those for the other alkali metals, 1.e., lithium, potassium, rubidium,
and cesium. Its violent reactioms with water and aqueous solutlions can be
moderated by using an amalgem, i.e., a solutlon of sodium in mercury.
Sodium also forms strong salts with all of the common acids.

Table II shows the relative solubility of meny of the sodium compounds
in water and other reagents. The followlng in:formé.tion geﬁem]_'l.y describes

the reactions of sodium with other elements.

a. The Hydrogen Compound. Sodium hydride, NaH, can be formed by
heating sodium and hydrogen directly. It has a melting point of 800°. The
hydride reacts with water to produce hydrogen gms.

b. The Oxide Compounds. Two oxide compounds are formed by sodlum

20, and the peroxlde, Na202.

O, 1s formed by heating either sodium hydroxide, or

in :‘I.ts_ reactions with oxygen: normal oxlide, Na

Sodium monoxide, Ne:t2

sodium nitrate wlth excess sodium metal. It can also be formed by heating

a mixture of sodium szide, NaNj, end sodlum nitrate at 280°. Ne 0 1s &

colorless compou.nd_ that combines with water to form NaCH.

Sodlum peroxide, N$202, is formed by burning sodium in en excess of
‘alr or oxygen. 1‘I.=.\2O2 is & pale yellow solid thet melts at L60°. If it
is added to e mixture of ice and water; sodium peroxide hydrate, N3202-8H20




272
_8lovly decomposes 1t to form sodium carbomate and to evolve oxygen. At

i1s produced. When KNa, O, is heated, oxygen i1s given off and carbon dioxide

o° C, sodium peréxide reacts with alecohol to produce sodium hydrogen

peroxide, NaHOz. Sodium peroxide will react with water, with some violence,
to prodﬁce sodium hydroxide, oxygen,I and hydrogen peroxide.. Na2
in equeocus soclution, or as the fuaed peroxide, is a powerful oxidizlng agent.

02 , elther

¢, Sodium Hydroxide. Two general processes, i.e., the action of

calciuﬁ hyﬂ.roxi_de on sodlum carbonate and an electrolysis method using

godium amalgem and brire, are used to produce sodium hydroxide , NaOH.

Sodium hydroxide is a colorless and wax-like solid. It melts at 3l9° and
bolls at about 13900. NaOH dissolves in water with 'th'e.e‘volu‘bio_n of heat
‘%o ¥ield a strong besic solutlon that can be used as & precipitant for
several of the chemical elements.

d. The Nitrogen Compounds. Sodium nitride, Na.N, a salt of hydrezolc acid,

3
HN3,: can be Tormed by reactling sodium and nitrogen in an electric discharge

tube. Sodium azide, NaN_, can algo be formed by pasping nitrous oxide, N20, over

3,
sodamlde, Na.NElg, at 1900. Nal\I3 decomposes when gently heasted in vacuo to
glve sodlium nitride a.ﬁd nitrogen gas. The sodium nitride compounds are
rapldly attacked by water, forming sodium hydroxide and emmonia in the
reaétion.

Sod.im nitrate, NaNOB, 1ls obtained by the ection of EN03 on sodium
metal, sodium hydroxide, or sodium carbonate. NalO; is hygroscople and
dilssolves more rapidly in hot water than cold. It is anhydrous, and 1t
w11l melt at 380° and be decom;posed. When heated sbove 400°, NE.NO3 will

lose oxygen and form sodium nitrite, NaNO ' Sodium nitrite is produced

o
as very small, hygroscopic crystals. NaN02 1s a strong electrolyte, a.nd
it will melt upon heating to form 2 yellow liquid which deccmposes at
higher temperatures. Na.li()2 w11l hydrolyze to nitrous acid when boiled
with water.

e. The Sulfide, Bulfate, and Sulfite Compounds. Sodium will react

directly with sulfur to form elther sodium monosulfide, Naas,'or sodium

polysulfide, Naasz. 8odium monosulfide 1 a colorless crystalline solid

with a melting point of 1180°. Ne S 1s hygroscopic, and it reacts reedily

4



Chlorates

- Water Solubdlity’

Formils Othar Solvents

mzaaoz Solubla Solubls Soluble in alcohol

MZE3°2'3B2° Soluble Soluble Soluble in ether and alcobol

mlﬂ. Soluble Very soluble Insoluble in alochol

3 Boloble Boluble )

nme Decamposes Deocmposas Daconposes in hot alaohol; soluble
0.1 g in liquid HH,

. m(ox)s Dightly Soluble Sligntly soluble in aloohol

saluble

ha'Bh Deoomposes

InﬂhOE-IBZO Deocxposes

kaAROhIZBzO Saluble Bolubls in aloobol

hznuoh-‘razo Solubls Soluble Hightly scluble in alcobol

Ba HAs0, - 1780 Boluble Solubla Hlightly soluble in alcohal;

] insoluble in liguid C1

Moz Vary solublas Very soluble Eli@t]q soluble in alcohol

Far, Boluble Soluble Soluble in liguld NE, and aloahol;
Inscluble in ether

%‘203 BSoluble Boluble ;n.l].‘l.?aﬂ;-m mi:]:met;e:n aleoahol;

FalgH 80, Boluble Very soluble _

"'C7H5°2 Boluble Solnble Soluhle in alcohol

:lnBiO3 Insolobls Decamposes Decomposes in acld

lhaBi Deoomposes

mnz Soluble Very saluble

HaBO, - 4H,0 Very solible Very solnble

‘EBhOT Solmble Soluble Insolubla in alcohol

%075520 Bolnblae Solubla

TPty IR0 Salibe soluble colibls 1n Sleouml; tnecyabls tn acid

BaBO,-H 0 Blightly solubla  Decamposes Saluble 1n glycerin and alkali

maoa-hazo Soluble Soluble Soluble in acid, glycerin, and alochol

mh Decomposes Desoamposes Dacomposes in acid

h&oa Boluble Ealuble Ineoluble in alechol

BaBr Baluble Boluble 8lightly solubls in aloohol

k‘Er-EEO Boluble Soluble 8lightly soloble in alechol

LN Soluble Soluble

mwa 8oluble Saluble

hl!].l)3 Baloble Soluble Boluble in alcobol and glycerine

Bal10,, - Soluble Very soluble Solubla 1n aloobol '

NaCl Soluble Soluhls Soluble in glycerin; alightly soluble
in alcahol and liguid IH3; insoluble in HC1

Nal Balubls Soluble in HF; very slightly solubls in
alcobol .

NaF-EF Soluble Boluble

Be,B1F, . Soluble Soluble Insoluble in aleohol

BalH Soluble Boluble Solmble in aleohol and glycerol

BaJo. Soluble Boluble Solubls in acetic acid; inscluble in

3 alcohol

Table I is continued on the following page.



Table I (Contnued

Other Golvents

Bal Soluble Soluble
Htrate “3 Soluble Very Solnbls
Oxnlate hzcaﬂh Soloble Eoluble
Oxides hzo Dsemu Decomposos

keoe Soluble Deoamposas
Phosphates IhEEPOh Boluble Holuble

lhzm’oh Boluble Soluble

haPOh Soluble Boluble

mm%o Bolubla Soluble
Bilicate 1!528103'5520 Saluhle Soluble
Bulfates nzaoh Soluble Soluble

n.asoh Boluble Boluble

‘25207 Balubls

n-zgao Soluble;

8 damo;n

T, 8(80,)p-23;0 Do =
Sulfidas lhzs Soluble Soluhle

HaHB Very soluble

bzsh Soluble

‘285 Soluble - Solnble
Bulfites l\zﬂ')a 8oluble Solobls

!aﬂma Very soluble Very soluble

nzaeos Boluble 8oluble

Boluble in H,80y, hl)a, and acetic acld.
Very soluble in alcchol; soluble in
glycerin

Decamposes in alcohol

Wumumhnl,%jml\mhu
mmd;wlgmﬂhu :

Insolnbls in alcohol

Baluble in glyecerin; insoluble in
aloohol

Insolubls in alcohol

Decamposes in alcohol; slightly soluble
in alechol; insoluble 1.an3

Insoluble in aloohol

Decamposes in aclds) slightly soluble in

aloohol; insoluble in sther
Soluble in aloohol
Boluble in aleohol
Boluble in alechol

Blightly soluble in aloakolj insoluble in
liguid l!:l.e lmdm3

Sl1ghtly soluble in alechol
Insoluble in alookol

with wvater to form a strongly alkaline solution. Sodium sulfide solutions

are unsteble and willl break down to form polysulfides , thiosulfates, and

sulfates. Sodium hydrogen sulfide, NaHS, can be formed by saturating a

sodium hydroxide solution with Has.

Sodium sulfates can occur in neture. However, sodium hydrogen sulfate, .

Na.I-ISOll_, 1s produced by heating NaCl with an excess of Hasoh at temperatures

lower than 150°. Ir NaHSO) is heated to sbout 400°, 1t 1s converted to

normal sodium sulfate, N32SO]+, which is readily soluble in water. Sodium

thiosulfate 1s prepared by boiling sodium sulfite,

Ne,,80., in the presence

2%

of sulfur. Sodium thiosulfate, as N325203-5H20 , 1s used principelly in -

photographic film processing. Here, the excess silver bromide, which remains



in photographic film after developing, dissolves very readily in the thio-
sulfate to form a.'solu]_ale-complex. S_odiuﬁ thiosulfate is also used as a

titrant for the determimation of iodine.

Sodium hydrogen sulfite, or sodium blsulfite, NaHSO3, 1s formed by
satu.mting a solution of sodlum carbonate or sodium hydroxide with sulfur
_ddoxide.. Normal sodium sulfite, Ne,B0,, 1s formed by treating the solu- |
tion with an additional amount of sodium carbonete. The sulfite solutions
are-alkaline end are good reducing agents. Both the Hso3‘ and 303“ ions
are reedily oxidized to soh" ions by atmospheric oxygen or oxygen-con-

telning compounds.

f. The Halogen Compounds. The so_d.ium halide compounds, 1i.e., sodiu.m_

chloride, HaCl; sodium fluoride, NaF; sodium bromide, NaBr; and sodium

lodide, Nel, may be prepared elther by a direct union of the'elements or

by the reactlon of a halogen acld upon sodium hydroxide or sodium carbonate.

All of the sodium halides are strong salts and are completely ionized. They

are resdily soluble in water at room temperature. ’
Sodium Salts of the oxygen acids of the halogens include sodium chlorate,

sodium hypochlorite, sodium perchlorate, sodium bromate, snd sodium iodate.

Soé_ium chlorate, RaCl0_, 18 prepared by passing chlorine gas 1nto hot concen-

3

trated sodium hydroxide. INIa.ClO3 1s a colorless crystalline compound that 1s

more soluble in hot water than in cold. It 1s a strong oxldizing agent and
will decompose on ﬁeating to form free chlorine and oxygen. The correspon-
ding bromate, NaBr03, and the lodate, Na.IOa, are prepared in a simllar menner
and have similé;r properties as NaClO3. .
Sodium perchlorate, ¥aCl0,, is formed by the anodic oxidation of NaClO

3"
Tt 1s a colorless compound and a strong oxidizing agent. Sodium hypochlorite,

NaCl0, 1s produced by passing chlorine into a cold, dilute solution of
sodium hydroxide. It is easlly reduced to chloride lons and oxygen.

g. The Phosphorus Compounds. Three classes of sodium phosphate

compounds can be ‘prepared by adding theroetical amounts of phosphoric

acid, H3P0h_, to sodlum hydroxide: monosodium dihydrogen phosphate,
Na.HzPOh, disodium monohydrogen phosphate, NazlEII’OlI_, and trisodium phosphate, -
Na.'3POh. Na.E[zPO,_I_ is acidic in agueous solutions. NaZH:POh is only slightly




~alkaline wrile NaaPOh_ 1s strongly alkaline in aqueous solutlons.
When sodiur q.ihydmgen phosphate, NaH2P0,+, is heated, a series of
sodium metaphosphate c@ouﬂs are formed. They eppear to be all poly-
meric and are representei by the empirical formula (Ka.POa)n. Calcium
and nﬁ.snesim ions can chelate with these polyphosphates. If sodium mono-

hyd:roge_n phosphate, NaEEPOlI_, 1s dehydrated by heating, sodlum pyrophosphete,

Nall-'on'T’ 1s formed. l\Ta,_PPZO7 can be hyd.rolyzea in an agueous solution to

form HPO, ions. If NaH PO, and Na PO, are mixed and hested to 600°, a

more complgx phosphate, sodium triphosphate, N55P3°J.o’ is formed. Na5P3Olo

An solution 1s slowly hydrolyzed to H2PO,+_ and EPO,_I_" loms.

. 2 3’
are formed by the actlon of carbon dloxide

h. The Carbonste Coir‘rpounds. Two salts, sodium carbonate, Na, CO_,, and

s6dium hydrogen carbonate, NE.HCO3,

upon sodiim hydroxide. Na.HCOll_ cryetals are readily formed by passing 002

into concentrated NaOH and they may be filtered off and dried. Na,CO, can

3 at temperaturee above 2000. Na.2003 will de-

compose &t temperatures zbove 8000. The common hydrated form of this salt

be obtained by heating NaHCO

is the decahydrate, N32003-10H20,. Solutions of N5,2003 and Na.HCO3 are alka-

ions and the slight hydrolysis

line because. of the basic action of the 003

of the HCO,, i1ons. .

3 .
i. Sodium de. NaCR, sodium cyanide, 1s produced by reacting
dry ammonis with a molten sodium-charcoal mixture. It ca.n. also be -

- produced by fusing calcium cyenamide and carbon with sodium carbonate
or sodium chloride or by heating sodium carbonate, cosl, and nitrogen
with 1ron as e catalyst. NaCN .:.Ls a source of hyd.rocyanic acld. Sodium
_thiowte , NaSCN, can be produced by reacting NaCN eith_er with qufur,
ammorndum, polysﬁ_'liide , Oor sddium thiosulfate.

J. Other Sodium Compounds. Sodium permanganate,. NazMnoh_, can be

prepared by reacting mangenese dloxlde with ‘sodium hydroxide. It is
less pure than potassium permanganate, Kamoli.' and 1s very hygroscoplec.
The heating of sodium hydroxide and chromium cxcide 1n alr produces
sodium chromate, Na20&0u. The chromete salt cen be extmcte& from a

heated mixture by a water leach. When the solution is heated with acild

and then eva.poréted, sodium dichromate, Na20r207-2520, wlll crystallize



out of the solution. When Na._2Cr207 ie heated, 1t first melts and then
decamposes into Naacﬂh_, Cr203, and free oxygen.
When a solution containing sodium ions is heated with a potassium

salt of antimony, a slightly soluble salt, sodium orthoantimonate,

Ne S'b(OH)6 is prodited. Sodium fluosilicate, Na,8iF, 1s formed in the
action of fluosilicie acid, EQS:LFs’ upon a solution of sédium hydroxide. It
1s also insoluble in water. The addition of a large volume of a saturated
solution of uranyl zinc acetate to a small volume containing sodium ions
Tesults in the formation of the triple acetate compound, sodium zine
uranylacetate, .Naczﬂaog-zn(c2H302)2-mna(caﬁaoa)a-sgzo, results. This
campound 18 e light-yellow.crystalline soldid thet is slightly soluble
in wvater.

If a solution of borax is treated with Na202 or RNaOH and 1‘:[202, a

precipitate of sodium peroxyborate, Na.B02-3H20-3202. It decomposes very

slowly in vater. It 1s an ective oxidizing agent. Sodium tetraborate,

Nath-_OT-IOHEO, can be extracted from nmatural sources in the forms of prisms.

If 1t 1s heated with sodium hydroxide, it forms sodium metaborate, NaBOz-l«-HzO.
ﬁoru is a salt of a weak acid. It can be hydrolyzed and its aquecus solution
gives an slkaline solution.

Sodium M. de, 0611501&3, 1s formed in the reaction of sodium hydroxide

and carbolic acid. Meuy other organic compounds of sodium exist.

B. The Analytical Chemistry of Sodium

Sodium, after 1t has been isolated and separated from other elements, is

most frequently determined gravimetrically as sodium chloride, RaCl, sodium

sulfate, N3280h(3’]+) or sodium zinc uranyl acetate, M(m2)3(c23302)9-63,20.(3)

: Sodium meta-antimonate, msboa;(5) sodium perchlorate, NaClO; 6) sodtum mag- -

nesium u:ranyi acetate, N52U207-M30207 ;(7) or bismuth cesium Eod_ium nitrite,
0391136 ]31.'(1102)6 .5(8’9) are also considered to be sulteble gravimetric forms
for a sodium determination. (6) .
Precipitation methods are used most frequently o separate sodium from
other elements. However, solvent extraction and chromtomphié methods are

now being studied extensively as separatlion methods for sodlum. The foiiowing



generally describes how these methods are being spplied in the anelyticel
chemistry of sodium.

1. Separations by Precipltation

(10) (11)

The methods firat suggested by Berzelius and Smith have wide use

in separating sodium and the other alkali metels from the other chemlcal ele-

(12-14)

ments. The Berzellus method(g) and 1ts modificetlions uses mixtures of

HF-BClO;I_-sto-'h_ to d.eécmpose the alkall-bearing material (usually a mineral)
and then converts the alkall sulfates to chlorides for the final separation

11
of sodium. Smith's method( ) and its modifications(ls’ls)

has also been
used to. decampose minerals. The mineral is heated in & mixture of calcium
. carbonete and ammonium chloride. €O, and NH3 are given off, and the mixture
reduces to lime and calcium chloride. This mixture cooverts moet of the
metals to low-solubility oxides and sinters the mass so that the alkali’
metals can be extracted as chlorides frum the mass by water leaching. Some
calcium is elso extracted, but it can be removed fram the alkali mixture by -
a8 precipitation with an ammoniun carbonate-oxalate solution and filtering. -
The sodium 1s finally separated fram the other alksli metals by more specific
techniques. .

Barium, strontium, magnesium, borates, and sulfates can interfere in
the separation of sodium (and the other alkali metals) by elther the

(1)

Berzeliu.s(lo) or Smith method. Barium end strontium (as well as calcium)

1
can be removed by an ammonium carbonete and oxalate p:r_ec:l.pitation.( 7) Magne-

18) 19)
silum can be separated either as magnesium ammonium phoapha.te( ~or oximte.(
Evaporating the chloride mixture to drynees in the presence of meth;rl' alcohol
) w.L'IJ. remove borates as volatile methyl 'boratg canpou.nd.s.(lT) The sulfate

ions can be removed by a precipltation as Bu.BOh_ by adding barium chloride

17) . .
solution to the chloride mixture ;( the excess barium can then be removed

by a p_ree:lpitaLtion with ammonium car'bonate.(l7) _ Phosphates can be moved
by a precipitation either with zinc ca.r'bona.te(ao)'or an FeC1.3 soiution q.t a
controlled pH.(lT) .

l Several other.px;ecipirba.tion methods can be used to separate sodium fram

the other alkali metals and other ions. . Potassium may be separated fram

(21-24)

gsodium (and lithium) by forming the alkali chloroplatinates or the

10



25-2 '
perchlorates.( 9) In the chloroplatinate method, the-insoluble L PtClg

can be separated from the solui:le sodium and lithium chloroplatinates and
the precipita.tiﬁg agent, HyPiClg, by extracting the chloroplatinate mixture
with 80% ethyl alcohol. Rubidium and cesium also form insoluble chloro-
Plainates and can be separated fram sodium in the same m_(3._°"33)

Sodium (end lithium) perchlorates are soluble in either butyl alcohol-
ethyl ecetate or ethyl alcohol-0.2$ BC10), and can be separated from the in-

+1 1 +1
3 NBu+ , and T1 Dby extracting

(25-29)

soluble perchlorate salts of K+l » Cs+l , Rb
the perchlorate i)mcipitate-with mixtures of these agents. Sulfate
ions must be absent, because sodium sulfate is also lnsoluble in the splvents
used In the extraction method. However, magnesium, the alkaline earths, . -
nitrates, and phosphates do not serlously interfere in the perchlorate method.
The precipitation of sodium as the triple acetate, NaZn(U02)3(CEH302)9-GH2O »
also serves &8 a.‘ mee.ns of separating sodium from other elmenta.(3:3)+:35).
Lithium also forms the triple acetate selt and muist be separated before the

(36) Potassium will interfere only if large amounts

of sulfate ions are present._(as) Phosphates,(sr;uo) ()

(38,39) rmrates, (38:39) tartrates,(39) ana stromtium(*®) are

precipitation 1s made.
-molybdﬁtes,
arsenates,
interfering substances in this method.

Potassiun (end anl) forms an insoluble tetraphenylboron compound when
sodium tetraphemylboron solution is added to a mixture of the alkgli chlorides
ar_:d can be separated from 80dium in this manner.('h}ug) Lithium end magnesium
are also soluble and can 1n"terfere in a sodium separation by this precipitation
method.

Sodiv.ﬁn can be separated from lithium following the perchlorate
separation of potassium by saturating the n-butanol solution used to
extract the alkalil perchlorate mixture with hydrochloric a.cid.(aa’Bo )

Lithium cen also be separated from sodium by extracting a chloride mix-

ture with acetone.(l.9)_ Sodium chloride is insoluble.under these conditions. -
However, barium, strontium, and potessium chlorides are also insoluble and
would interfere in this method. Gaseous hydrochloric ecid has also been
used in the precipitating of sodium chloride.(lT) .

Rubldium and cesium can be separated from sodium with 9-phosphamolybdic

11



acid.(3J23J51) Sodlum can also be separated fram cesium by precipitating
cesium with silicotungstic acid solution':(3l’51) Fluoboric acid has been
used to precipitate- potassium ch.'Lor_ide as potassium flucborate and separate
it fram the chlorides of sodium and lithium.(sa) Maghesium, copper, zinc,
cadmium, cobalt, nickel, manganese, iron, alumimm, chramium, and calcium
also remain in solution. Ammonium, barium, and sulfate ions also separate

with potassium. -

2. Separation By Elecf.rolysis. The alkali metals cannot be separated
from solution by electrodeposition; however, it 1s possible to separate them
fram other elements by electrolyzing an acid solution with a mercury cathode
at a controlled potentia.l.(53) The alkesli metals and the alkaline earth
elemente can be left in solution, while elemenits such as copper, cadmium,
iron, cobalt, nickel, and zinc are deposited on the cathode. The alkali metals
can then be separated fram the alkaline earths and from each other by one of
the techniques similar to those described in this section.

3. Sclvent Extractions Separstions. Nitromethane has been used to

extract the polylodides of the alkali metels fram an acid solution.(5*) mme
distribution ratios are dependent l_lpon_the amount of free lodine added to the
syateﬁ and increase in the order Li < Na <K <Hb <Cs. The extractions of alkeli
chloroplatinates with 80% ethyl alcohol to separate sodium end 1ithium chloro-
platinates from the insoluble potassium (snd Hb and Cs) chloroplatinates have
already been cited.(zl"2u130'33) Butyl alcohol - ethyl acetate or ethyl

alcohol - 0.2% HC1Op mixtures have been used in separating the alkall per-

(25-29) Additional information on the extraction of .the chloro-

(55,56)

chlorates.

platinate end perchlorate mixture is given elsevhere.

4. Chramatogrephic Separations .

(s7)

a. With Organic Absorbents. Erlemmeyer and Schoenauer have used

chromatographic columns of violuric acid, mixed with barium sulfate, dietamacecus
earth or starch, to separate potessium chloride from sodium and magnesium
chlorides and ammonia. Sodium has slso been separated fram potassium by

use of a violuric acid column(se) and by use of a column of 5-oxo-5-oximip.o-3-

phenylisoxazoline. (59)

(60)

b. With Ion Exchange Resins. Cohn and Kohn heve separated chloride

12



mixtures of Na, K, Fb and Cs by use of a Dowex-50 column and 0.15 M EC1 as the

an(64)

eluant. Beukenkamp and Rieman also used Dowex-50 and 0.70 M hydrochloric -

(62) 41 goyme(63)

acid.to effect a similar separation. Brocksbank and Leddicotte
also have more camplete separations of Ra, K, Fb and Ce on Amberlite IR-100
;L'eain. Fa and K were 2luted with 0.1 M HC1l, and Rb and Cs with 1 M EC1.
Bouohez and Kayar(sh) have also used Amberlite-IR-100 and elutriants of _
elther 0.1 M HCL or 0.1 § H:iOu to separste radicactive Na2 and Mg. Kayms\oo)

has also separated milligrem amount. of NaCl end KC1l on & column of Amberlite-IR-100.
Sodium (and potassium) have been separated fram the other constitt-lants of -

silicate rocks by dissolving the sample in EF and H,80, dnd expelling the

fluorine from the mixture and then sbsorbing thé solution on an Amberlite

IR-120 column(ss)

The alkall metels were eluted fram the column with
0.12 ¥ EC1. Potassium and sodium have been separated fram each other by
use of a column of Wofatlt KS ilon exchange resin and 0.1 N HC1l as the
elutria.nt.<67) Catlon exchange resins have also been used to separate K
and Na fram each other and from Mg and Cs in milk a.sh,(68) K from Na in
(€9) alkall metals from insoluble silicates,(To)

1ith.1\m.(71) Sodium in urine has also been separated by use of a cation

(12,73)

blocd, and K and Ba fram

exchange resin.

used to determine sodium and the other alkall metals in potassium nicbium
(%)

Both cation and anion exchange resins. hawve been
fiuorid.e . :Bu.sérws ) reports that the alkalil metal camplexes of
uramildiacetic acid can be separated by use of a cationic resin. Sodium

and lithium form stable camplexes but potassium does not. The camplexes _
were separsted 'b'y'use of a sulfonic acid resin, pretreated with either dimethyl-
amine or tetramethylammonium hydroxlde, and elutions with alkaline solutions.
Lithium and sodium, but not potassium, rubidium, or cesium, form complexes

with the chelating agent, ethylenediamlnetetraacetic acid, EDTA, and caen

be separated fram K, Fb, and Cs, and fran each o‘t;'h.ér by eluting an anion

resin column of Dowex-1 (4§ crosslinkage) with 0.13 M EDTA solution.(76)

c. By Paper Chramatography. Radicactive Naal"(ls h) hag been separated

fram radicactive Kha (12.4 h) by use of paper chramatography and a solvent
mixture of conc. HCl-water-0.05% tartaric acid (1:10:h).(77) In other

chramatographic studies with paper columns, the movement rate of sodium

13



(and X, Rb, and Cs) ‘edsorbed on & paper.chramatogram has been investigated
using solvent systems containing canplex-forming m.:l.x't.urea , €.g8., butanocl-

(80) alcohals

HNO3-ucetylacetone,(78) alcohals in BC1,(79580) putencl in EC1,
1n 903, (81) ketones 1a m1,(82) pnenc1,(8Y) or cor1aine tn mios.(83)
Although these systems showed no eppreciable ind_'l.vidua.l'. elkalil ion movement,
they can be used to separate the elkalis from many other cationic species.

Sodium and l1ithium chlorides have been quantitatively separated from
KCl ueing methanol as a solveht,(&i.ss) ethanol in we.ter,(as) acetone in
water, (85) methyl ethyl ketone in methanol,(86) and with ecetone-, ethanol-,
butenol-, end pemtenol-methanol mixtures.(86,87) Fthanol-2N acetic acid
as & solvent can also 'be used to separate alkall aceta.tee by paper chromsto-

graphy. (88:89)  50a1um (and Mg and Ca) has also been separsted from
potassium in blological samples by the same solvent mixtm.-e.(9°'93) Sodium
has also been separated from K, KHy, Mg, Ca, and Ii by a paper chromatography
method that used propanol-methanol mixtures as solvents.(9l":95) These solvent
m:l.xtm-eé bhave also been used to separate alkall hydroxides, citrates, and
sulphetes by paper chroma'toyaphy<96!97).

Tracer quantities of Na22 (2.2 y) has been separated from gram amounts
of magnesium by uge of a combined precipitetion - paper chromatography
me'bhod.(98’.99) Most of the magnesium is removed by heating the solution to
form megneslum oxlde and the scluble portion eluted from a chromatogrsphic
colunn wilth ethanol-water. - -In this solvent, magnesium travels shead of
godium. Radioactive Na 2h (15 h) has been separated from g2 by use of a
solvent mixture of conc. HCl-water-0.05% tartaric acid (1:10 :)-I-)(W)

Electrochromatographic separations of the alkali metel catlons with
aqueous solvents, such as phenolpthallen, ammonium hydroxide, emmonium
carbonate and hydrochloric acid with lactete, citrate, tartrete or EDTA

(100-10%)

buffers, have been reported. Organic solvents, such a8 ammonium

formate and trichloroascetic acld, have also been used in an electrochromstogrsphic
e (105)

separation of the alkall metals.
IV. DISSOLUTION COF SAMPLES CONTATNING SODIUM

Bame rocks and minerals are soluble in ECl. If the rock or minerml
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is not acid scluble, then the material can be soiubilized by either the
(10) ' (11) , (10)

Berzelius method or the Smith method. In Berzelius'method,

the rock is attacked with HF end Hasoh » and the excess fluorine and silicon

expelled by distillation. The elkali sulfates are then converted to

1n)

chlorides. In the Smith method.,( the powdered rock 1s heated in a

mixture of emmoniur chloride and calcium carbonste. Under these conditions,:
the alkali metals are comverted to chlorides and can be. extracted from the
sinter by water.

Soll samples can be decompoged by treatments with ammonium acetate, HC1,
108). 1
(108). 1 gp, (109)

end aqua mgia,(l%’lm) and leachings with either H.NO3,
(110)

and H230h_ .

ete., can be decamposed with HCl,' HNO3, HJSO3-H2504, or HNO

Biological materials, such as tissues, body fluids, vegetation,
3
If eny of these dissolution techniques are used in a radiochemical separa-
tion of the sodium radionuclides, the addition of ilnactive sodium carrier
to the solubilizing mixture would greatly assist in achieving an isotopic
exchange between the radlcactive and lnactive sodium atame. The exchange
ahould be rapid and complete, since sodium exists in only one oxidation state.
V. SAFETY PRACTICES
The decomposition and the processing of any sample material by chemical
‘means can be hazardous. Thus, edequate safety precautions should be followed
in processing any sample material. Pleters and Creyghton _ma.n:ual(m) on .
safe laboratory practices, es well as others on laboratory safety, should
be consulted before any W1s is undertaken.
The introduction of a radicactive material into a laboratory area
greatly magnifies the heeds.for safe laboratory practices. - '.Ehe discha:ge. .
of ra.dd.oa.ctivity. intoc e leboratory area by evolution or spillage, can
result In hezardous cwnditions for personnel and wide spread. contamina.t‘ion.'
Typical of the information ebout safe handling practices for radicactive
materiale appear in such sources as the .Oa.k Ridge National Laboratory's
Master A_nalytica]_. Ma.m.t_a.l.(u-2) and 1n the International Atamic Energy’
Agency's publication, entitled, "Safe-Handling of Radd.oisotopes."(us)
Many other similar sources of information existe and ahould also be

" consulted.
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VI. COUNTING mcmqmas' FOR THE RADIOACTIVE SODIUM ISOTOPES
The nuclear characteristics of the radiocactive isotopes of sodium
are summarized in Teble I of this monograph.
The radicectivity of either Na2* (15 h) or Na22 (2.6 y) can be measured

by such counting techniques as Geiger-Mueller counting, proportional counting,

(116-119)

or gamma scintillation spectrametry. Generally, the sample material

containing either of these sodium radiomuclides must be processed radiochemically

before the radicactivity measurements are mede. However, it has been possible

to determine small amounts of sodium in a variety of simple materials(lle-123)

_ 124,125) -
by non-destructive radioactlvetion analysis mathod.a( involving gamma

ecintillation spectrametry to measure the radiocactivity of Na.a)'"
VII. RADTOCHEMICAL PROCEDURES FOR THE SODIUM RADIONUCLIDES

Both carrier-free and carrier radiochemical analysis procedures

exlst tor the sodium radiomiclides. Such procedures as these have evalved
fram each investigator's cholce of ideas and techniques similar to those

reported in Section III of this monogragph.

Radiochemical procedures cepable of giving N522 or Naah' in carrier-free

amounts exist. The lon exchange studies by Beukenkaﬁp and Rieman(Gl) » Brooks-
bank and Leddicotte(62) ) xayna(63:65) ana Bouchez and Kayas(®*) wi11 produce
carrier-fz;ee salutions of the sodium radiomuclides. Same of the other
chromatography separation methods presenfed in Section III of the monograph

can also be adapted for use in preparing carrier-free sodium radiocactive tracers.

The carrier radiochemical procedures that now exist for Na.22 and 1\;32’4' have been

(126)

originated. to separate them as ra.d.'l.oe.ctive tracers, or to separate them

128)

frun fission prodncta(127) and other radicactive apecies( or for use in

(124,125)

ra.dioa.ctiva.tion analysis. By radlocactivetion analysis, trace amounts

(129-137) . (238)
of sodium have been determined 1n aluminium , aluminium alloys,

a.sbestos,(l39) biological materia.ls,(lho-lhe) bone (ll|.9) water,(lso’lsl)

eaal122:153) 14 g (154) magﬁesimslss) mmssl% ) sotassiun n.ttrate(lW)
potsherd.s,(lsa) refmctoriea,(ls9) and ura.nitmglse) Ra.dioa.ctiva.fion analysis
has also been used to determine trace sodium in ground waters, reactor cooling
wa.tgr,.p;l.aatics, soils, vegetation, graphite, 1ithium iodide, resins, zinc

ore concentrates, sand, limestone, cement, trichlorosilarne, gallium arsenide ’
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alumina, hafhm oxide,stainless steel, and rubidium carbonate . (67,160-162)
The procedures “that follow are typlcal of the radiochemical separation
procedures used in analyzing a. sample material elther for Na.22 or Na.ah. Most
of the applications cited above(las'lsz) have used elther one of the specific
procedures glven in this section or have made an adaption to one of these
procedures that would be suitable for the particular enalysis problem. In
each one of the procedures ilncluded 1n this sectlon, information is given
about the specific use of the procedure, the type of material analyzed, the
type of ouclear bambardment, etc. Whenever possible, statements are
made about the decontamination levels, and the chemicel yields achieved by

the particular procedure cited.

PROCEDURE 1
Procedure Used In: Preparation of Naal+ tracer
Method: Precipltation
Element Separated: Nazh (15 h)

Type Material Bombarded: Alumimm alloy (95% Al; 2.25% Mg, 0.25% Cr
plus Fe and Cu) :

Type of Nuclear Boﬁbardment: 184" cyclotron deuterons
Procedure By: D. B. Stewart (Reported by Mein.ke(126))

Separation Time: ~ 8 hours _

Chemical Yield of Carrier: -~ &0%

Decontamination: lO“L from Al; others unknown

Equipment Required: Standard

Procedure:

1. Dissolve aluminum in 6 N HCL. Add 50 mg Na and 10 - 20 mg.Cu
carriers.

2. Precipitate Al(OH.)3 with slight excess of NH,_._OH. Centrifugt;., pour
off supernatant. Dissolve first precipitate in HCl and repeat, adding the
2nd supernatant to the original.

3. Saturate solution with H_S to precipitate CuS a.nd remaining Al as

2
A_'|_253. Filter or centrifuge.
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PROCEDURE 1 (Continued)

L. Acidify filtrate with HC1l or ENO and evaporate to dryness. NH:

3

salts can be quickly destroyed by boiling with a 1:l4 HC1-HNO_, mixture.

3
Residue is mixture of NaCl and Na.asoh_.

FROCEDURE 2
Procedure Used In: Sepa.i‘ation of redioective aodium from fiselon products.
Method: Precipitation .
Element Separated: Na2*(15h) on Na22(2.6y)
Type Material Analyzed: Fissilon product mixture
Probeble Origin: Na23(n,7)Ne2* or Na23(n,2n)na®®
Procedure By: Prestwood (Reported by Kleimberg(127))
Separation Time: Several hours
Chemical Yield of Carrier: Quantitative
Decontamination: Radiochemically purity possible
Equipment Needed: Standard
Procedure:
l. Imtroduction
Radiosodium 1s separated fram fission-product materials by specific
precipitation as Ne Mg(U02)3.(023302)9-6 1/2 H,0. The sodium is finally
converted to and welghed as the chloride. The chemical yileld 1s 50 to 60%
end 2 to 3 hours are req_uired. for the analysis of a single sample. Excellent
decontamination of radlo socdium i1s obtained by this procedure. For example,
a product having only 4 ¢/min was obtained from a solution containing

3x lOlh fiesions 10 days old and inactive sodium.

2. [Reagents
Na Carrier: 10° mg Na/ml (added as c.p. NaCl in H20) used as & primary

stendard

Fe Carrier: 10 mg Fe/ml (added as FeCl,

Cu Carrier: 10 mg Cu/ml (added as Cu(NO3) g 6H0 in HEO)

-FeCl3.6H20 in d_'Llu'l.'.e EC1)

HC1: Conc..
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PROCEDURE 2 (Contirued)

’C10,: T0%

NH]I_OH: Conc.

NE,CoH.0,: 6 M

' Fa precipitating reagent (45 gm U02(CéH302)2-2320. Prepared as

300 gn Mg(CoH30p)2.4H0, 60 ml

glecial HOpH305 in 800 ml HpO,

diluted to 1 liter. 8Stir the mixture
constantly for two hours, then permlt

it to stand for several hours, and filter
through a 300-ml slntered glass funnel of
mediwn poroeity. (Large amounts of sodium
are precipitated fram the reagente) ’

Special vash solution. Prepared as 35 ml glacial HCpE:0,, 405 ml of
anhydrous acetate, 460 ml anhya:ou.a ethanol.

n-butancl saturated with dry BECl: Prepared by bubble dry HC1 into n-
butanol until the gas is not longer
_a.d.sorbed.. The process takes several
hours and much heat 1s evolved.
n-butanol: anhydrous
3. ‘Equipment
Note: All of the equimment requirements for this analysis are mentioned
in the "Procedure."
4. Procedure

Step 1. To the sample in a 40 ml conical centrifuge tube, add 1.0
ml of NaCl carrier, 2 drops of Fe carrier, and adjust the volume to 15 ml.
Add conc. NH,OH dropwise until the solution 1s Just basic and then add
three drops in excess. Centrifuge, transfer the supernate to a 125- ml
Erlemmeyer flask, and discard the precipitate.

Step 2. To the supernate add 1 ml of conc. KC1l and with constant
swirling evaporate nearly to dryness over & Fisher burner. Cool. Add
lmlof 6 M NH,OAc and 100 ml of Ne precipitating reagent (see reagents).Stir
vigérou.aly for 20 minutes using e magnetic stirrer. Centrifuge portiomwise _
using a 40-ml conlcel centrifuge tube and discard the supernate after each
centrifugation. Wash the precipitate with 20 ml of special wash solution
(see reagents).

Step 3. To the washed precipitate add 20 ml of n-butanol, suspending
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PROGEDURE 2 (Continued)

the precipitate in the alcohol. Add 2 ml of n-butanol which has been
saturated with dry HCl (see reagents). Stir and add 6 ml more of n-butanol
saturated with HCl. Centrifuge the NaCl precipitate and discard the
supernates. Wash the precipitate with 20 ml of n-butanol plus 2 ml of
n-butanol seturated with HC1. |

Step 4. Dissolve the NaCl p'reciﬁitq.te in 15 ml of Hp0, add 2 drops of
Fe carrier, make the solution Just 'ba.s_ic with-coﬁc'. NHh_OH, and then add
3 drops in excess. Centrifuge, transfer the s_uperna.te to a 125 ml Erlenmeye.r
flask and discard the precipitate. . .

Step 5. Repeat Steps 2 and 3. o

_SLe_R_S_. Dissolve the NaCl precipitate in 18 ml of H20 add 2 drops of
Fe ca.rrier, and meke the solution Jjust beslc with conc. NH)_I_OH. Centrifuge
and transfer the supernate to a clean 4O ml centrifuge tube. Make the solu-
tion approximately 3 M in HC1, _a.dd 5 drops of copper carrier and saturate
with HZS' Centrifuge and transfer the supermate to a 50 ml Erlemmeyer flask,
discarding the precipitate. Evaporate the solution to dryness over a Fisher
burner and heat in a furnace et 600° for 15 mimutes. Cool to rodm témperature.

Step 7. Add 1 ml of 70% HC10, end fume to dryness over a fleme. (The
presence of e % quantity of free HClOu will not interfere in the steps
which follows.) Add 15 ml of n-butanol and bring the solution to boil to
dissolve the NaCiOh,. Transfer to a dry 4O ml conical centrifuge tube. Heat
almost to boiling and add 8 ml (the first 2 dropwlse) of n-butanol seturated
with dry ECl. While the mixture is hot, filter through s tared No. L2
Whatman filter c:l._rcle y 7/8" diameter, using a ground-off Hirsch funnel and
a filter chimney. Wash the NaCl precipitete with dpproximately 20 ml of

n-butanol. Dry at 110° for 10 minutes, cool, weigh, and mount (Note 1).

Notes:

1. The active Na isotope usually counted is either 15.1 h Naah' or

2.6y Na22.

20



_ PRDCEI!JRB 3 _
mm Used In: Separation of Nazh' fram flssion product mixture in sea water
Method: Preclpltation and distillation
Element Separated: HNaZ*(15h)
Type Material Analyzed: Sesa water
Probable Origin: Na23(n,y)Ne2*
Procedure By: Love and Sam(lae)
Separation Time: Short
Chemical Yieid of Carrler: Quantitative
Equipment Needed: Apparatus described by a.uthor(lzs).
Procedure: | _ )

1. To a hot solution of 75 ml of sea water and 1 ml of lanthamm carrier
(10 mg La*3/ml) in a 50 ml contrifuge tube, add ammonium hydroxide until
lanthamm hydroxide precipltates. Centrifuge; decant the supernatant lig,uid
tm a No. 42 Whatman filter paper into a clean centrifuge tube.

2. Cool the solution in an ice bath. Pass anhydrous hydrogen chloride
into.the'solution by means of the anhydrous hydrogen chloride saturation
epparatus (Note 1). Saturate the solution with the gas under pressure (Note 2)
for 3 minutes after the sodium chloride precipitates out. Then cemtrifuge.
Discard the supernatant liquid.

3. Wash the sodium chloride precipitete with 10 ml of hydrochloric
acld wash solution (the 3).I Centrifuge; discard the wash.

4. Dissolve the NaCl in 10 ml of d_isti]_léd water. Again precipitete
sodium chloride with anhydrous hydrogen chloride. Wash the precipitate once
with 5 ml of the hydrochloriec acld wash solution. Then filter t.hrough a
medium-pure sintered glass filter.

5. Wash the NaCl precipitate 'tﬁ.ce with 5 ml aliquots of ethyl alcohol
saturated with hydrogen chloride gas, end twice with 5 ml'a.liq_uots'of dlethyl
ether saturated with hydrogen chloride gas.

6. Tra.n.sfer NaCl precipitate to a prewelghed weighing bottle. Count
L gamma radicactivity (1.368-Mev) in a gamma spectrometer.

7. After counting, dry the NaCl et 105°C in an oven, and cool in a

desiceator. Weigh to determine chemical yileld. (Note L4)
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PROCEDURE 3 (Contirmed)

Notes:
(128)
L. B8aturatior apparatus described by authors.
2. At a pressure of 5 psi.
3. Made by saturating concentrated hydrochloric acid with hydrogen
chloride gas.
L. If necessary determine the initial amount of sodium in each semple
by flame photametry. However, in almost all cases, the amount of sodium

in sea water 18 a known constant.

PROCELURE 4
Procedure Used In: Radiocactivation analysis
Method: Ion Exchange (carrier-free separation)
Element Separated: Na2*(15 h)
‘Pype Materinl Anslyzed: Alkali carbonates and chlorides(62,160-162)
Type Nuclear Bambardment: Ne23(m,y)Na2¥

62
Procedure By: Brookebank and Leddicotte( ) (Reported in detail by

Leddicotte(163)
Separation Time: Several hours
Chemical Yield of Carrier: A carrier-free separstion
Decontamination: Excellent from radiomuclides of K, Rb, end Cs.
Equipment Required: Ion exchahge columns
Procedure:

A. Irradistion of Sample Material

l. Irradiste known amounts of test (Note 1) eand camparator samples
(Note 2) in a neutron flux of at least 6.5 x 101 n/sec/am® for 16 hours
or longer (Note 3). Prepare the test and canparator samples for the
irradiation either by wrapping each specimen in alumimm foil or pia.cing
1t in & quartz empoule. If the sample is & liquid, smell polyethylene

bottles can be used to contain the sample during the irradiation (Note 4).
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PROCEDURE )y (Corrtirmed)

B. Freparation of Irradiated Materials for Analysis

I. The Camparator Sample

1. After the irradiation, quantitatively transfer the comparator sample-
(Note 2) to a 100-ml volumetric flask. Dipsolve the sample 14 a amall measured
volume of distilled water; then dilute the solution to 100 ml with water. Mix
the solution thoroughly by shaking it carefully.

2. By means of a l-ml volumetric pipet, transfer an aliquot to a
gecond 100-ml volumetric flask; then dilute the aliquot to 100 ml with water.

3. ©Shake the solution thoroughly; then plpet an aliquot of this solution
directly to the top of a.n ion-exchange column (Notes 5 and 6). Then proceed
in thé manner described below in Step 1 of Part C below.

ITI. $Solid Test Samples

1. If the semple is a solid, quantitatively transfer the test portion
into a 50-ml glass centrifuge tube, and then add dropwise to the seme centri-
fuge tube enough concentrated HC1l to campletely dissolve the sample. If
necesaary, heat the mixture to dissolve the sample. Transfer the solution
of the irradiated semple to the top of an ion-exchenge column (Notes 5 and 6).
Then contimue with Step 1 of Part C below. |

IIT. Liquid Test Semples

l. Pipet an aliquot of the irradiated test portim directly on to the
top of an lon-exchange column (Notes 5 and 6_); then continue with Step 1
on Part C below.

C. Ion Exchange Separation of Potassium

1. Connect the ion-exchange column to a.reservoir (Note 7) that conteins
a pupply of 0.1 M IL1l. AdjJust the flow rate so that the eluate flows fruam the
column at the rate of 1 ml per minute.
2. Continue the flow of the 0.1 M ACl through the column and collect
m discard the first LOO ml of eluate that passes through the coltmn (Note 8).
3. Collect the next 500 ml of eluate. (Note 9). Process this fraction
of the eluate as instructed in Step 1 of Part D below.
L, If potessium, rubidium and cesium are not to be determined, stop the

flow of eluate fram the column efter this collection (Note 10).
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PROCEDURE ) (Contimed)

D. Preparation of Ne2' Eluste for Radioactivity Assay

1. Evaporate to dryness the solution thet wes collected in Step 3 of
Part C above. ‘Add 1 to 2 ml of conc. HC1l to the beaker, and then wash the
solution into e 10-ml volumetric flask. Rinse the beaker with small portions
of H,0, transfer the rinsings to the flask, and dilute the solution to volume.
Assay the solution for Na2l radicactivity as instructed in Part E below.

E. Measurement of Naz)'" Radioactivity and Calculation of
Stable Scdium Content of Test Sample

1. The Na2* radioactivity in both the test and camparator semples may
be assayed by bete or gamma counting. ﬁse a Geigér-htu.e]lez‘- counter for the
beta measurements a.nd.a gemma scintillation counter for the gemme measure-
ments (Note 11).

2. Following the radiocactivity mea.sui-emenfs, correct the observe@ Na.el"
. radioa.ctivit& for decay (Note 12), dilution volume(s), and the sample weights
{or volumes) of both the test and camparator semples. . A silmple ratio of
these correéted. ﬁﬁmtivities becanes a measurement of the amount of

stable sodium in the test sample:

* Ne in Test Sample = Corrected Na.ah' radicactivity :Ln' Test Sample

X 100
Corrected Ne2h radioactivity in Camparator Sample

Notee:
1. Use at least 0.1-0.2 gram portinrs.
2. Use from 0.025 to 0.030 gram of scdium cerbonate.
3. The limits of measurement for thi_s ﬁroéednre is about 0.005 micrograms
of asodium. _ |
4, This type of sample will have to be irradiated in an a_ir-c_:ooled or
water-cooled facility of the reactor. .
5. The lon exchange column is composed of 100- to 120-mesh IR-1
(or IR-100) resin packed into & glass column 1 cm in diameter and 100 cm
long. A small glsss wool plug at the base of the column hol§5 the resin

in the column. The resin is pretreated with & solution of 0.1 M HCl. The
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PROCEDURE 1 (Continued)

treatment consists of passing the 0.1 M HCl solution over the column until
the desired molmty (0.1 M) is obtained.

6. The transfer may be made by use of a volumetric pipet. If it is
necessary to rinse the pipet, use 0.1 M HCl as the rinse liquid. In
transferring the radioactive solution on to the -column, exercise care in
delivering the solution from the pipet so that the resin at the top of
the column will not 'be disturbed.

7. A dispensing bottle of at least 3-liter capaéity 1s suitable
for use as & reservoir. Tygon or rubber tubing may be used to comnect
the reservolr to the column.

8. This solution may contain radicactive anionic constituents. The

4 which 18 eluted later.

presence of these should not be confused with Ne®
9. This particular procedure is d_gsigned. to separate Na, K, Fb, and

Cs in alkali carbonates and chlorides. This fraction w:lJJ. contalin all of

the Na.ah (15 n).

10. If X, Rb and Cs are to be determined, contimie as follows: (a) Collect
the next 700';nl of eluate and process for K; (v) collect the next 800 ml and
process for Kb; then, {c) strip the column with at least 1 N HC1 and process
this fraction for Ca. Potassium, rubidium and cesium camparator samples
should have been irredieted, if stable K, Rb end Cs are to be determined
in a sample.

11. Gemme-ray energy discrimination may be used here. Na.al"(lﬁ_ h) emits
_ 1.368- and 2.75- Mev gamma radiations in its decay.

12, Decay measurements may be followed, if required.
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PROCEDURE 5

Procedure Used In: Radioactivatlon analysis

Method: Preclpitation

Element Separated: Na21+ (15 n)

Type Material Bombarded: Water

Type of Nuclear Bombardment; Na23(n,7)Na2h

Procedure By: Blanchard, Leddicotte, and Moeller(150s151)
Separation Time: Several hours

Chemical Yield of Carrier: 60-T70%

Equipment Needed:; Standard

Procedure:

1. 30 mls of water was placed in a polyethylene bottle and irradiated
for 16 hours in a flux of 6.5 x 10Mt n/anz/sec.

2. If any speclfic element, such as sodium 1is to be analyzed quanti-

tatively, a known amount of Na is irradiated along with the water

2¢03
sample. The standard is proces“sed_ in the seme menner as the unknown sample.
3. The radiochemical separation is carried out as outlined in "The

Chémical Separation Scheme" attached.

- 4. The Naal+ is found in the last step (Part II of the "Scheme") with

the Soluble C—Erouﬁ along with potassium rubidium and cesium. Because Naeu'

decays with gamma ;-a.diations of 2.75-Mev (as well es 1.368-Mév), radiochemical
separations need not always be made (Note 1). ' '

5. Use a gamma sciﬁti]_'l.ation spéctrometer to measure the gamme rediations
(either the 1.368- or the 2.75-Mev) belng emitted a'_by Nazh'.

6. Following the radioactivity measurements, correct the observed
Na.eu radioactivity for decay, dilution volume, sample and yleld weights for
both the sample and standard. A ration of these corrected radiocactivities
becomes s messurement 6f the amount of atable sodium in the water sample.

Corrected Na.ah' radiocactivity in'HDO sample

Corrécted Naau radioactivity in standard sample

% Na in E,0 Sample = X 100
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PROCEDURE 5 (Contimued)

Notes:

1. However, a further separation of the alkali metals may be made
by evaporating the solution to dryness in the presence of perchloric acid
and then extracting the perchlorate precipitate wilth a mixbu.re of butyl
elcohol and ethyl acetate. Sodium perchlorate is soluble; the insoluble
potassium and rubidium perchlorates cen be removed by filtration. The Naal‘L
ra-d.iéa-c‘bivity in .the sodium perchlorate solution may be measured directly
or collected as NaCl by treating the solution with enhydrous hydrochloric

acld.

Chemrical Separetion Scheme
1)mmrwnmhmasoum4mmm. Aerate to remove radiocactive gases.
Acidify vith HNOs and add C1, Br, I, Cu, As, Fo, Y, Co, Mn, Zn, Ba, Br, Ca, Na, sod K carriers.
Precipitate C1, Br, and I vith alight excess of Ag. Heat to coegulste the precipitate. Centrifuge.

_2) tete: 3) : Adjust scidity to 0.5 N HL1. Ssturste with Hg8. Cemtrifuge.

AgI. Wash &) tate: 5) : : Fransfer to beaker. Add 1 ml conc. HC1, Bodl until
 with water, + ™ 1s clear. Oxidize Fe'™* to Fe™ by boiling with EWO,.
filter, Wash vith Cool salrution and make 1:1 with conc. BCl. Neutralize with comc.
mount and water, NH,QH to precipitate hydroxide, Centrifuge.
count. filter, 6 )
Designate wourt and tate: 7 : Ssturate vith Hg3. Centrifuge
as the count., %im— M
BILVER Designate hydroxides. tate: .
- GROTP. as the Voan vitn O ’ tater 9) Supernnte: o e o
Adp wnter, L8, Vash (MH, )oH(PQ,) &nd an excess of
SuLFIDE filter, with veter, NH(OH. Digast. Cemtrifuge,
GROXIP. mount spd filter, -
oount. md  10) Precipitate: 11) te:
Desiguate prosd E::iﬁ:ﬁﬁ: RS Tocs.
Deaignate r phosphates. Designate as
EYDROXIDE as the Vash, filter,  the SGLUELE
GROOP . : BASIC pount, and GROOP .
SULFIIE oount. .
GROUP. Demignate as
the ALKALINE
GROUP, :
PROCEDURE 6

Procedure Used In: Raediocactivation analysis
Method: Precipitation

Element Separated: Na2' (15 h)

Type Material Bombarded: Aluminum’l38)

Type Nuclear Bombardment: N52-3(n,7)N52h'
Procedure By: Plumb and Silverman'l3%)

Separation Time: 3 hours
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PROCEDURE 6 (Continued)

Chemical Yield: T5%
Equipmerit Needed: Standard
Procedure: .

l. The aluminum sample along with Na.2003 and NaHCO, standards were

3
irradjated in positions 1L4-Z-19 through 1U4-Z-21 of the Graphite reactor
at Oak Ridge Rational Iaborastory (Note 1), for 1 week.

2. After irradiation; the sample was dissolved in HC1l and H202 in
the presence of 5 mg of sodium carrier (as NaCl).

3. The Na is precipitated as sodium zinc uranyl ecetate. The precipi-
tate is filtered, then redipsolved in hot water.

4. The solution is made acigi_ui’%h HC1, copper holdback added, and: Cus
precipitated with H,S. - ' .

5. The CuS is discarded and Na is. again precipitated with Zine u:r.'_a_.nyl
acetate and ;1.5_ used for countingl méa.su:ementa using an énd-?indow '..Ge:l.ger

tube (Note 2).

1. The authors used this facility since it is the most thermalized
- facllity in the. reactor, in order to get a.wéy from the fast neutron reaction
of A..'|.27(.n,a)Na.2h.. '

2. With the development of fhe gemms, scintillation spectrometer,
it is no longer necessary to meke a chemical separation of sod.ium." It

can be measured directly by using the 2.7 Mev energy of 21".

PROCEDURE 7
Procedure. Used In: Radioactivation analysis-
Method: Direct (separation sometimes required)
Element Separated: Nael" (15.0 h) and others

Type Materiel Bombarded: Normal biologlcal tissues (male)

28



Type Nuclear Bombardment: Na23(n,7)Na2h'
Procedure By Eall(lho)
Separation Time: 3 hours

Equipment Needed: Two 2 x 1 1/8 in. crystals end a coincidence a.na.lyzer
modified for two a-d channels

Procedure:

1. The biologlcdl material to be analyzed was placed in a nuclear .
reactor for irradiation, along with pure samples of ite constituents.

2, After irradiation, the products are measured by slmultaneous
pulse-height end coineidence analysis, using two 2 x 1 5/8 in. crystals
and a coincidence analyzer modlfiled for two 8~C cha.nnels._

3.. The formulation for coincidence analysis is:

s =KS, +K8 ... +8

Cp = Ol + 8ot

s = Cla+ClB+ S;Qt

o = kaC, + k0%, + ol + 80t

where a,I b, e .. .are constitueﬁts of the mixture Ml.‘?;a = (geometrical)
average counting rate in one crystal (no coincidence) for the vial containing
pure element alsla = Sa. - SB with B denoting ba._ckgrou.nd; C = colncldence rate;
Cl = single-event coincidence rate; t = coincidence intervel; and ka = ratio
_ofainthemixturetoamthepu_featandam.

According to the author, it 1s possible to measure Na, K, Fe, Co,
Zn, and Cu in normal blologlcal material and Sb, Ag, Br, Cs, Hg, and As

vhen present at 10'6 gn/cm3 . Radiation time: 30 days.

29



PROCEDURE 8
Proceduré Used In': Radicactivation analysis
Method: Precipitation
Flement Separated: HFa2' (15 h)
Type Material Bombarded: Magnesium
Type Ruclear Bombardment: Naza(n,y)lvazh
Procedure By: Atchison and Beamer(lss)
Separation Time: Several hours
Chemical Yield of Carrler: Quantitative
Equipment Needed: Standard
Procedure:

A. Irradiation of Sample Material

1. Magneslum turnings were irradiated for 4 weeks at the Oak Ridge
National Iaboratory in a flux of 5 x 10]_1 xJ,/sec/t:m2 along with a weighed

portion of Na, for a standard (Note 1)..

2003

B. Radiochemical Separation of Ii'na.21+

1. After the irradiation, dissolve e weighed portion of the Mg sample
in 16 ml of 12 M HCl in the presence of 60 mg of K and 80 mg of Na carrier
and 10 ml of water in & 250 ml beaker.

2. Evaporate the contents to e small volume to remove excess acid.

3. Transfer the solution to a 100-ml mixing cylinder and dilute to
approximately 75 ml and add 13 ml of n-butylamine. Dilute to 100 ml and
mix well.

4, Cepntrifuge the slurry and decant the elear liquid through e dry
filter paper. Place a 60-ml allquot in a 150-ml beaker and evaporate to
dryness on a hot plate. Sublime the amine hydrochloride away using a Bunsen
flame while passing a stream of nitrogen into the beaker.

5, After the beaker cools, add 2 ml of 16 M H¥W_ and evaporate to

3
dryness. Repeat treatment untlil all organic matter is destroyed. Four
or five evaporations are usually required

6. 4dd 5 ml of 70% HC10, and evaporate to dense fumes. Separate
the K perchlorate by treatment with ethyl acetate (Note 2). Filter;

discard the precipitate.
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PROCEDURE 8 (Contimmed)

7. Add n-‘but}"l aleohol ; evaporate to expel the eth&l acetate.
Precipitate the sodium as NaCl by adding a solution of ﬁCl gas 1n n-butyl
alcohol (Note 3). |

8. Coilect the precipitate and dry at 110° C for 10 minutes and
1ignite at 600° C for 5 minutes. Weigh as NaCl to determine the chemical
yield.

9. The Na.2003 compara't:or is carried through the same procedure a.s

the Mg sample.
C. Measurement of Naz)+ Redioactivity

1. The activity of the Na.ah may be measured by beta or gamma counting.

Use a Geiger-Mueller counter for beta measurements and a gamma scintillation

counter for the gamms measurements.

2. Following the radiocactivity measurements, correct the Nazh activity

for decay, dilution volume, and sample and yield weights for both the
magnesium and standard samples. A ratio of these corrected redioactivities
becomes a measurement of the stable sodium in the sample:
Corrected Ne2' in Mg sample

Corrected Na.2h in standard sample

% Fa in Sample = X 100

1. A 2h-hour irradiation would be sufficient if the analyst can
obtain the sample within a day after irradiation.

2, Page 8 in "Applied Inorganic Analysis"™ by W. F. Hillebrand and
G. E. F. Inndell - 1929.

3. The emalyst mst remember that Na2' can elso be formed by the
fast neutron reaction, Mgzb'(n,p)Naah. The authors found that a Mg
sample with 10 ppm of stable Na present analyzed 123 and 116 ppm by

activation.
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- FROCEDURE 9
Procedure Used In: Radioactivation analysis
Method: Precipitetion |
Flement Separated: a2t (15 n)

Type Material Bombarded: Dunite minerel ore from Balsam QuarTy, North Carolins
Type Nuclear Bombardment: Na23(n,y)NaZ* |

Procedure By: Salmon(:%6)

Separation Time: Not estimated by author

Chemical Yield of Carrier: Approximately T75%

Equipment Feeded: Standard

Procedure:

1. Weigh approximately 50 mg of sample into & short length of polythene
tubing and hest seal the ends. Similarly, weigh end seal 20 mg of Na,COg
dried to 110° C as a standard. Irradiete sample and standard in BEPO (at
Harwell) for about 3 hours.

2. After the irradiation, empty the sample into a platinum dish con-
taining 5 ml of a solution of NaCl as carrier (10 mg of Nat per ml). Add e
few drops of H,80, (8pG 1.8%4) and 10 ml of 40% HF. Evaporate gently to
fumes of Hasou, cool and add 10 ml of HI‘ and again evaporate to fumes.

Cool the residua.l solution and tra.nsfef it to a 250-ml be;.ker with a few
milliliters of H20.

3. Add 10 ml of H:N03 {spG 1_.32). BEveporate to fumes; cool to room
temperature and transfer the solution with 2-3 mls of water to a 50-ml centri-

fuge tube.
k., At this step, take a sultable aliquot from the irrmdiated standard .

and to it add 5 ml of sodium carrler and continue with the separation for
both semple and standeard.

5. Add 10 mgs of Pe'> or chloride, stir and meke basic with NaOH.
Centrifuge the Fe(OH)a and filter the supernate into another 50-ml centri-
fuge tube. '

6. Just mcldify the filtrate with glaciael acetic acid and chili the
mixture in an ice bath. Then add 25 ml of zinc uranyl acetate reagent (Note 1)

with stirring and digest for 15 minutes. Allow the precipltate to settle,
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"PROCEDURE 9 (Contdmued)

then centrifuge. Discard the supernate. Wa.sﬁ the precipitate three times
with ethanol. ' '

T. To the sodium zinc uranyl acetate precipitate, add 15 ml of ethanol
saturated with hydrogen chloride gas. Digest in an ice bath for 15.minutes.
Centrifuge and wash the precipiltate 3 times with ethanol.

8. Make a slurry with a small quantity of ethanol (Note 2) and transfer
it to a weighed counting contalner, dry it under an infra-red lemp and weigh
for chemical yj_.eld determination.

9. Determine the Naah elther by beta or gamma measurement. Amount of
stable scdium in sample by:
| 2

_ (Wt. of Na in standard) (Na”" activity in sample) (y io oy

Wt of Naeu in sample an
Na~ activity in standard

Notes:

l. Prepared by dissolving 77 g of u.j:‘anyl acetate 1n ll-lb ml of 1120 and

13.3 ml of gla.z_:ia.l acetic acld. Warm to 70° C to ald dissolution. Also

dissolve 231 grams of zinec acetate in 262 ml of H2

acetic acid. Mix the two solutions and allow to stand for 2k hours before

0 and 6.6 ml of glacial

Piltering the reagent to remove any precipltated solids.
2. HNaCl may be dissolved in HEO; scavenged with Fe+3 and ammonia

and then reprecipltated as NaCl wlith ethanol-hydrogen chloride.

PROCEDURE 10

Procedure Used In: __Ra.d.ioa.ctiva.'bion analysis

Method of Separation: Precipitation

Element Separated: Nazu (15 n)

Type of Material Bombarded: Water, reactor cooling water, plastics, alumirmum,
stainless steel, solls, vegetatlon, ore concen-
trates, clsys, limestone, cement, tissue, resins,

lithium carbonate, lithium 1odide, alumina,
ete, (160-162)

33



PROCEDURE 10 (Cortimued)

Type of Nuclear Bambardment: N323(n,7)N32h
Procedure By: Mullins and Leddicotte(l64)
Chemical Yield of Carrler: At least T0%

Time of Separation: 2 hours

Degree of Purificatlon: Greater than 105 from all radionuclides
Equipment Needed:  Standard

Procedure :

A. Irradiation of Bample Materilal

1. Irradiate known amounts of test (Note 1) and comparator (Note 2)
samples in a neutron flux of et least 6.5 x 10t n/ cma/ sec for 16 hours or
longer (Note 3). Prepare the test and comparator sample for the irradiation
eithér by wrepping ea.th amcﬁen in elumimm foil or placing it in quertz

empoule. Liquid samples should be irradiated in polyethylene bottles (Note L).

B. Preparation of Irradiated Materials for Anslysis
I. The Comparator Sample
1. After the 1rradiation, guantitatively transfer the comparator sample

(Note 2) to a 100-ml volumetric flask. Dissolve the sample in a small, meesured

volume of 6 M HNO,; then dilute the solutilon to 100 ml with water. Mix the

3
solution well by carefully shaking it. _

2. By means ‘of a folu:metric ﬁipet, plpet a 1.00-ml aliquot of this
solution into a 100-ml volumetric flask; theﬁ filute the aliquot to 100 ml
with water. _

3. Sheke the_solutio:i thoroughly; then pipet a 1.00-ml aliquot of it
into a 50-ml glass _centrifuge _tu'be. By means of a volumetric pipet, add to
the same centrifuge tube, 2.00 ml pf a étandard carrier solution of kmown
sodium _conce_mtra.tion {Note 5). Also, add 1 ml each of holdback carriers
of barlum, cadmium, cobalt, copper, iron, manganess, phosphorus, potassium,
end zinc (Note 6). Dilute the solution to 20 ml with water, mix 1t well,

and make the solution 0.3 M in HCl. Continue with Part C below.

IT. Solid Test Sample

1. If the sample 1s a metal or alloy, quantitatively transfer the
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PROCEDURE 10 (Contimed)

irradisted test portion frcxn tﬁe Quartz tube or aluminum wrap to a 50-ml
glass centrifuge tube, and then add, by means of a volumetric pipet, to

the same centrifuge tube 2.00 ml of a etandard carrier solution of known
sodium concentration (Note 5). Also add 1 ml each of holdback carrier of
barium, cadmium, cobalt, copper, iron, manganese, phosphorus, potassium, and
zinc (Note 6). To this mixture, add dropwise enough concentrated mineral
acid to completely dissolve the sample (Note T). Dilute the solution to

20 ml with water, mix it well, and make the solution 0.3 M in HCl. Continue

with Part C below.

III. Iiquid Test Samples

1. Pipet an aliquot of the irradiated portion into & 50-ml glass centri-
fuge tube. By means of a volumetric pipet, add to the same centrifuge tube

2.00 ml of a standard carrier solution of known sodium concentration (Note 5).
Also add 1 ml each of holdback carriers of barium, cadmium, cobalt, copper,

:I.ron,.manga.nese, phosphorus, potassium, and zinc (Note 6). Dillute the solution
to 20 ml with H20, mix it well, and make the solutlon 0.3 M in HCl. Continue

with Part C below.

IV. Organic Test Samples
1. If the sample 1s a tissue, vegetatlon, or a simllar matertal,

quantitatively transfer the irradiated test portion from the irrmdiation
conteiner to a 50-ml beaker. By means of & volumetric pipet, add to the

same beaker 2.00 ml of a standard carrier solution of known sodium con-
centration (Fote 5). Also add 1 ml each of holdback carriers of barium, cad-
mium, cobalt, copper, iron, manganese, phosphorus, potassium, and zinc (Note 6).

Then add 3 ml of conc. H.QSOII_ and 4 ml of conec. HN03. Cover the beaker with

a watch glass; them boll the solution for 15 minutes. Cool the soiution,'

add to 1t 3 ml more of conc. HNO and boil the solution for 15 minutes (or

3!

. to fumes of 303). Repeat the addition of HRO, and the boiling untdl the

3

sample 18 dissolved. Add a few ml of comne. HCl, eﬁpomte to remove EN03.
Repeat several times if necessary. Dilute solution to make iv 0.3 M in HCI.

Transfer to a 50-ml centrifuge tube; then continue with Part C below.
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PROCEDURE 10 (Continued)

C. Radiochemical Separation of a2t

1. Saturate the solution with H,S8. Centrifuge the mixture (Note 8).
Transfer the supernatant liquid to & new 50-ml centrifuge tube. Wash the
CuS precipitate with one 10-ml portion of hot weter. Centrifuge and add
the wash to the centrifuge tube. Discard the precipitate.

2. Add 3 ml of bromine water to the supernatant liquid-water wash
mixture. ﬁoil until all of the excess H2-S hes been removed; then add conc.
NH, OH dropwise until no further precipitation of Fe(OE)3 occurs. Centrifuge
the mixture (Note 9). Filter the supernatant liquid into a 150-ml
beaker and evaporate the solutlon to d.rynega. Remove the ammonium salts,
N331+, by 1gnition or 'by evaporating in an acid solution (Note 10)..

3. Dissolve the residue in the beaker in a few milliliters of distilled
water and trensfer the solution to e 50-ml centrifuge tube. Rinse beaker
with edditional water and transfer the rinses to the centrifuge tube.

. Concentrate the solution volume to 1 or 2 ml by boiling. Cool;
then add 10 ml of zinc urenyl acetate reagent to the tube for each ml of
the concentrated solution. Stir the mixture thoroughly. Cool in a water
bath at 20° (+ 1°) C for 30 to 45 minutes. Stir occasionslly. Centrifuge
the mixture; discard 'l_'.he supernatant J.'lciuid.

5. Wesh th.e precipitate twice with 5 ml volumes of the zinc uranyl
acetate reagent. Centrifuge after each wash; discerd the wash liquid. Wash
the precipitate at least twice more with two lO-'ml volumes of 95% ethyl
alcohol and once with one 10-ml volume of ethyl ether. Centrifuge after
each wash and discard the wash liquid. ] _

6. Add 20 ml of 12% BuOH-HC1 reagent to the precipitate. Stir the
mixture thoroughly. Digest at 20° (+ 1°) C for 5 minutes; then centrifuge,
discard the supernatant liquid. '

7. Wash the precipltate once with e mixture of 10 ml of ethyl ethe_:_r
and 10 ml of 12% BUOH-HC1l reagent. Centrifuge; disqaz'd the supernatant
liquid.

8. Filter off the NaCl through a tared filter paper (Munktelle No. 00)
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PROCEDURE 10 (Contirmed)

that is held in a Hirsch fu.nnei; wesh the precipltate three times with 10-ml
portions of ethyl ether. Dry the precipitate for 10 minutes in a drying oven
at ]J_Oo C. Weigh the FRaCl precipitate and filter paper on an analytical balance.
Mount the precipitate and count 1ts radicactivity as lnstructed in Part D below.

D. Messurement of Na“' Radicactivity and Calculstion

of Steble Sodium Content of Test Sample

1. The Na.zu radiocactivity in both the test and the comparator samples

may be assayed by beta or gamma counting. Use a Gelger-Mueller counter for
the beta meapurements and a gamms sclntillation counter for the garms
measurements (Note 11).

2. Followlng the rediocactivity measurements, correct the observed Nagh'
radiocactivity for decay (Note 12), dilution volume(s), end the sample weights
(or_ volumes) of both the test and comparator samples. A simple ratio of
these corrected radiocactivities becomes a measurement of the amount 6f stable

sodium in the test sample:

b

Corrected Ka.2 radiocactlvity. 1n test Sample
2L

Corrected Na~  radicectivity in cumpa.rétor gemple

% Na in Test Sample = X 100

1. Solid test samples should welgh from 0.10 - 0.20 gram; liquid sesmples
should have a volume of from 5 - 25 milliliters.
2, Use 0.025 to 0.030 grams of spectrographically pure Na2003.
3. The 1imits of measurement for steble sodium by this procedure
16 5 x 10™7 gram.
4. Irradiations of liguid, vegetatlon, or similar type sample materlals
mist be made in an alr-cooled or water-cooled reactor irradlation facility.
5. ©Standardized to contain at least 10 milligrams of sodium per milliliter.
. 6. Solutions of the ions of other elements may also be added es holdback
carriers; concentfation equal to 5 milligrame of element per milliliter.

T. Soils, clays, and similar materials nﬁy require addition of HNO, or

3

fusion.
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PROCEDURE 10 (Continued)

8. Additional amounts of Cu+2 ions may be added here ‘for further
scnvenging of acid sulfide precipitible elements. Suffilcient 1128 is -
present to cause CuS precipltation. Centrifugation is advisable after
each addition of copper holdback carrier.

9. Additional amounts of Fe'> ions may be added here to serve s a
scavenger for other hyd:;o:d.de precipitible elementa. Sufflelent NE3 ions
are present to cause Fe(OH)3 precipltetion. Centrifugation 1s adviseable
after each addition of iron holdback carrier.

10. A 1 part conc. HC1l to 4 perte conc. HNO. mixture can be used here.

3

Add et least 5 milliliters of this mixture and heat to bolling.

11. Gemma-ray discrimination may be used here.

12. Decay measurements may be followed, 1f required.
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